ABSTRACT Contamination of the operating theatre is a major cause of nosocomial infection. This study aimed to evaluate the incidence of bacterial contamination of operating theatres in Al Imam Ali Hospital in Baghdad, and the source of contamination. 
Introduction
Contamination of operating theatres is one of the most life-threatening sources of nosocomial infection for patients, especially in transplant surgery, heart surgery, cystoscopy and transurethral resection of prostate and bladder tumours [1] . Multiple reservoirs have been reported as being responsible for hospital contamination, particularly the operating theatre, including unfiltered air, ventilation systems and antiseptic solutions [2] . Other reports suggest that a range of microenvironmental conditions exist even within purified water systems which are intended for laboratory use or for irrigation, leading to variable populations of contaminant bacteria [3] . Medical staff still represent an exogenous contaminant source in operating theatres [4] and personnel move back and forth between the operating theatre and other parts of the hospital without changing their gowns or slippers. Moreover, patients are not consistently cleaned or shaved before coming to the operating theatre. All these factors play a role in contamination of operating theatres and consequent postoperative infections [5] .
Many patients are concerned about the risk of postoperative infections, so our study aimed to evaluate the incidence of bacterial contamination of operating theatres in one of the busiest hospitals in Baghdad, Iraq, Al Imam Ali Hospital, and to identify the contaminating agents and their distribution within different theatres.
Methods
From February 2001 to December 2002, 1216 swabs were taken from 12 operating theatres in Al Imam Ali Hospital: 4 theatres for general surgery, 3 for fractures, 3 for deliveries, 1 for ophthalmic surgery and 1 for ear and nose and throat (ENT) surgery.
Samples were collected 2-3 times monthly with cotton-tipped swabs from the surfaces, equipment and antiseptic solutions within the operating theatres, before and after operations, over the 2-year period. The collection was done by a medical care employee belonging to the central medical laboratory of the Ministry of Health in Iraq.
The swabs obtained were cultured directly in prepared MacConkey and blood agar media (Oxoid, England) by the streaking method, and standard methods of identification were used according to Holt et al. [6] and Baron and Finegold [7] . The inoculated plates were incubated aerobically overnight at 37 °C for 24 hours, then culture characteristics were examined including colony morphology on culture media, characteristic appearances such as lactose-fermentation, haemolysis, pigmentation, mucous secretion and swarming phenomena. The identifications were confirmed by biochemical tests, including the oxidase test, catalase test, coagulase test, indole test, methyl red test, Voges-Proskauer test and citrate utilization.
Results
The incidence of positive cultures was 23/622 cultures (3.7%) in 2001 and 24/594 (4.0%) in 2002.
The monthly distribution of positive cultures showed no clear pattern in different months in any 1 year or between the 2 years ( Figure 1 ), but in general there was a decrease in the incidence of positive cultures in the summer season in both study years.
Identification of bacterial isolates revealed that in 2001 Staphylococcus epidermidis was the most common isolate (39.1%), followed by Pseudomonas aeruginosa (30.4%), whereas in 2002 coliform bacteria were the most common isolates ٢٠٠9 ،1 ‫العدد‬ ‫عرش،‬ ‫اخلامس‬ ‫املجلد‬ ‫العاملية،‬ ‫الصحة‬ ‫منظمة‬ ‫املتوسط،‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ (62.5%), followed by P. aeruginosa (25.0%) ( Table 1) .
To demonstrate the possible source of contamination, the distribution of bacterial isolates according to operating theatre were examined. The results showed that in 2001, 5 of the S. epidermidis isolates were obtained from fracture operating theatre, 2 from general surgery and 1 isolate each from the ophthalmic and ENT operating theatres ( Figure 2 ). However most P. aeruginosa isolates were from the delivery operating theatre. In 2002 the coliform bacteria showed a higher rate among contaminant isolates and, importantly, this species of bacteria was collected from 4 of the 5 types of operating theatre, suggesting a possible outbreak in the hospital from general sources (Figure 2 ).
Other species of coliform bacteria were found in very low numbers, perhaps due to the carelessness of patients or medical staff.
Discussion
In 2001 the highest number of contaminant bacteria was for S. epidermidis. In these cases the contaminate source is usually endogenously from normal skin flora of patients or exogenously from surgical staff, ٢٠٠9 ،1 ‫العدد‬ ‫عرش،‬ ‫اخلامس‬ ‫املجلد‬ ‫العاملية،‬ ‫الصحة‬ ‫منظمة‬ ‫املتوسط،‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ especially when isolates are collected from different theatres, as this will be a good indication of whether there is a general outbreak or not [10, 12] .
The results indicate that 3 factors need to be considered. First, some bacterial strains such as S. aureus, S. epidermidis, E. coli and P. aeruginosa have a greater propensity to cause contamination, especially in operating theatres, so extensive infection control practices are necessary to prevent or contain these pathogens.
Second, the social level of incoming patients reflects the individual patient risk, which must be investigated and modified whenever possible. The patient should be prepared for operation and appropriate skin antiseptic should be used on the operation sites; the patient should also be considered for preoperative antibiotic prophylaxis. Bowel preparation, if appropriate, should be carried out.
Third, careful attention to the theatre operating environment is important, especially to avoid airborne transmission of bacteria and transmission to the water supply and food; surgical expertise and theatre discipline are essential components against surgical sepsis.
In conclusion, there was no clear pattern in the incidence in different months during especially as S. epidermidis was the main infectious agent in the fracture operating theatre [8] .
P. aeruginosa was the second most common isolate and this may indicate the contaminant source from antiseptic solutions or from breast-fed babies, especially as this bacteria is an opportunistic pathogen that can be found in most moist environments and has a combination of features such as the ability to survive and spread in hospital environments, acquisition of multiple virulence determinants and intrinsic resistance to commonly used antibiotics and disinfectants. This makes P. aeruginosa a major lifethreating agent that is responsible for many outbreaks in operating theatres [9, 10] .
In contrast, coliforms were dominant in 2002. Coliforms are fecal bacteria and this suggests that in this case the food and water supply was the source of contamination. Another possible contaminant source is the bowels of patients, from normal flora or from urinary tract infections, particularly in the delivery theatre as Escherichia coli is the most common infectious agent in pregnant women [11] . Further analysis is needed using advanced techniques such as pulsed field gel electrophoresis or polymerase chain reaction to determine if the overall isolates descend from a single clone or not, 
